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Stormwater Control Measures – at 
the end of the pipe
Site Level Case Studies






Providing Data to Protect Water Quality Since 2004
What’s the big deal?






























Source: Effects of Urbanization on Stream Quality at Selected Sites 
in the Seacoast Region in New Hampshire, 2001-03, USGS 2005
10Rasmussen, T.J., Poulton, B.C., and Graham, J.L., 2009
11Bellucci, Becker, and Beauchene, 2011
12Stark,  Hanson, Goldstein, Fallon, Fong, Lee, Kroening, and Andrews, 2000
Water Quality is Declining
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Why We’re Here
Goal of Clean Water Act is to “delist”







2/3 of the time!
26%






some kind of 
treatment
40%





Research Field Facility at UNH
















How We Evaluate Systems
19
BMP Performance Monitoring
What We Look For
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What We Do: Outreach
Design Specs Journal Articles








Swale Retention Pond Detention Pond
Subsurface Detention Water Quality Inlet
Downstream Defender Bio-Swale Naturalized Basin
Storm Trooper Vort-Sentry V2B1 Bay Saver
Bioretention Rain Garden Tree Filter Filtera
Sand Filter Delaware Austin ADS StormTech
Gravel Wetland Surface WetlandStormwater Wetland
Constructed WetlandPorous Asphalt Pervious Concrete
Permeable Interlocking Concrete PaversP rmeable I terlocking Concrete Pavers
Permeable Interlocking Concrete Pavers
Permeable Interlocking Concrete Pavers
Permeable Interlocking Concrete Pavers
Permeable Interlocking Concrete Pavers
Permeable Interlocking Concrete Pavers
Permeable Int rlocking Concrete Pavers
Permeable Interlocking Concr t  PaversPermeable Interlocking Co crete Pav rs
Permeable Interlocking Concrete Pavers
Permeable Interlocking Concrete PaversPermeable Interlocking Concrete Pavers
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It Cleans!











































Vegetative  uptake & microbial processes
Sorption & vegetative processes
Water quantity management
flow alteration, volume reduction
Phosphorus
Number of UOPs that can 














 Subsurface gravel wetland
 Pervious pavements 
32
Bioretention Systems




























































































CATEGORY UOP TARGET GRADE
Hydrologic Flow alteration Divert flow 
Volume reduction 
Physical Sedimentation Sediment 
Enhanced sedimentation Sediment
Filtration Sediment 
Biological Microbial Nitrogen ‐
Vegetative Nitrogen/Phosphorus 














































































n 23 23 23
Average 2950 0.69 99.97%









































































Average 74 11 6 6 51
Median 75 8 2 3 13
60
Natural state for Hinckley-Charlton soil (HSG – B/C)






























































































































































Source: Adapted from Mapping Impervious Surfaces in the Berry Brook 

























































































• Often Maintenance 
only occurs when 
there is failure
• There is a perception 
that LID systems 
require more 
maintenance
• Conventional practices 
have a high degree of 
failure and significant 
cost impacts—




Retention Pond Stone Swale
Gravel Wetland Sand Filter Bioretention Unit (3)
Veg Swale
Conventional Systems
Low Impact Development Systems





























































Capital Cost ($) 12,000 13,500 13,500 12,500 22,500 21,550 21,800
Inflated 2012 




17.8 5.4 6.9 5.4 12.8 13.5 24.6
Personnel (hr/yr) 9.5 28.0 24.0 28.5 21.7 20.7 6.0
Personnel ($/yr) 823 3,060 2,380 2,808 2,138 1,890 380
Subcontractor 
Cost ($/yr) 0 0 0 0 0 700
Total Operational 
Cost ($/yr)
823 3,060 2,380 2,808 2,138 1,890 1,080
Operation/Capital 
Cost (%) 6% 19% 14% 18% 8% 8% 4%



A tale of two raingardens
Maintenance solved?
QUESTIONS ???
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